Pancreatic neuroendocrine tumors (panNETs) are a type of neuroendocrine tumor with 5-year overall survival rates of approximately 50% when metastasis is present at diagnosis. Tumor grade, as defined by Ki-67 proliferation index, influences overall survival, with low-grade tumors portending a better outcome than intermediate-and highgrade tumors. This case report follows the clinical course and management of a patient with an insulin-secreting metastatic panNET who died 10 years after diagnosis after a treatment course with regional therapy and multiple forms of cytotoxic and molecularly targeted agents. This report presents the various treatment options available for patients with insulin-secreting metastatic panNETs. (J Natl Compr
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Learning Objectives
Upon completion of this activity, participants will be able to:
• Assess the various treatment options available for patients with insulin secreting metastatic panNETs including regional therapy, systemic cytotoxic therapy, and systemic targeted therapy • Discuss the challenges of symptom management in patients with metastatic insulinoma was recommended. At that time, the patient had no symptoms suggestive of a hormone-secreting tumor, and therefore no hormone markers were drawn. In March 2004, because of the extensive nature of the disease, the patient began chemotherapy with capecitabine and temozolomide, and serial CT scans showed that the tumors began to decrease in size. He tolerated chemotherapy extremely well with few side effects, and the doses were never reduced. The patient remained on therapy for 3 years until his hepatic lesions were observed to increase slightly. The regimen was discontinued, and the patient remained clinically stable and continued to work full-time. In late 2007, he began to feel weakness after exercising and dizziness in the early morning. Insulin and proinsulin levels were elevated (insulin: 38 mcIU/mL, upper limit of normal [ULN], 17 mcIU/mL; proinsulin: 232 pmol/L, ULN, 12 pmol/L). Results of an octreotide scan were positive for uptake in the liver but not the pancreas, and treatment with 20 mg of long-acting release octreotide via a monthly intramuscular injection was initiated in April 2008. His hypoglycemic symptoms, although initially controlled, became more severe and frequent. He experienced a syncopal episode at work in June 2008, and diazoxide and dexamethasone were added but provided little relief. The patient remained asymptomatic for only a few weeks before hypoglycemic episodes recurred. He underwent hepatic arterial bland embolization, with a resultant decrease in the size of the dominant hepatic masses and temporary resolution of his symptoms.
In November 2008, the patient was enrolled in a phase II study of MK-0646, an anti-insulinlike growth factor-1 receptor (IGF-R1) antibody, in patients with metastatic NETs (ClinicalTrials.gov identifier: NCT00610129). He tolerated therapy well, and imaging was stable according to RECIST criteria for 5 months. However, he experienced clinical disease progression with recurrent episodes of hypoglycemia, and required urgent hepatic arterial embolization. He remained asymptomatic until imaging results revealed disease progression in October 2009.
He was then enrolled in a phase II trial of bevacizumab and temsirolimus (ClinicalTrials.gov identifier: NCT01010126). However, his treatment course was complicated by grade 3 mucositis, grade 2 thrombocytopenia, and grade 2 fatigue, which led to disenrollment from the trial in March 2010 despite a dose reduction. In August 2010, the patient again Well-differentiated neuroendocrine tumors (NETs) are rare neoplasms arising from the diffuse neuroendocrine cell system. Pancreatic NETs (panNETs), formerly called islet cell carcinomas, develop from the endocrine tissues of the pancreas (ie, islets of Langerhans) and have a 5-year overall survival rate of approximately 50% when metastasis is present at diagnosis. 1 Tumor grade, as defined by Ki-67 proliferation index, influences overall survival, with low-grade tumors portending a better outcome than intermediate-and high-grade tumors.
2 panNETs pose a significant challenge because of tumor heterogeneity, varying degrees of aggressiveness, and diverse clinical presentations. For example, patients with low-grade, low-volume, nonhormone secreting tumors may be completely asymptomatic and, in the authors' opinion, should be observed first to monitor disease pace. Therapy should be initiated at disease progression and/or development of symptoms. An understanding of the symptoms and tumor biology is critical to individualize management of these uncommon tumors.
Functional panNETs, including insulinomas, gastrinomas, glucagonomas, and vasoactive intestinal polypeptide (VIPomas), secrete a variety of hormones, which lead to different clinical syndromes. [3] [4] [5] These syndromes can often be effectively managed with somatostatin analogues (ie, octreotide or lanreotide). However, over time, most tumors will progress despite the use of somatostatin analogue therapy.
This report discusses a patient with a metastatic insulinoma whose multidisciplinary treatment included both regional and systemic therapies. Unfortunately, the patient succumbed to his disease 10 years after the original diagnosis.
Case Report
A 60-year-old man initially presented with right upper quadrant pain that he had been experiencing for approximately 5 to 6 months. In November 2003, an abdominal ultrasound revealed a pancreatic mass and hepatic lesions, and a CT scan showed hypodensities in both lobes of the liver. Results of fine-needle aspiration of a liver lesion were positive for metastatic well-differentiated panNET. No Ki-67 proliferation index or grade was reported because of the small amount of material obtained. The tumors (>12 and bilobar, with the largest being 10.1 x 6.1 cm) were deemed unresectable and medical management became hypoglycemic and CT scan results showed disease progression. He was then briefly enrolled in a trial with the Akt inhibitor MK-2206 (ClinicalTrials.gov identifier: NCT01169649), but experienced rapid disease progression, and then underwent a brief course of sunitinib treatment. However, he was admitted for multiple episodes of hypoglycemia and underwent 2 more rounds of hepatic arterial embolization. The patient was then treated with everolimus from December 2010 to February 2011, and again experienced rapid disease progression. He underwent another round of hepatic arterial embolization, with a resultant radiographic response, but remained symptomatic with low blood glucose levels despite a high dose of dexamethasone and diazoxide. He then began a course of treatment with streptozocin, doxorubicin, and fluorouracil (5-FU) in April 2011, with no response requiring an increase in the dose of dexamethasone to control his symptoms.
In August 2011, 8 years after his original diagnosis, the cancer continued to progress and the patient was found comatose at his home twice, with severe hypoglycemic shock; both times he recovered only after his wife administered glucagon injections. After another round of hepatic artery embolization, the patient began treatment with gemcitabine, 1000 mg/m 2 and oxaliplatin, 80 mg/m 2 every 2 weeks (GE-MOX). In October 2011, because of fatigue, doses were reduced to 650 mg/m 2 of gemcitabine and 60 mg/m 2 of oxaliplatin, which was then further reduced to 50 mg/m 2 . That same month, imaging results showed a notable response to treatment with this regimen, with a decrease in the size of all lesions and involved lymph nodes. However, by January 2012 (5 months after starting GEMOX), the patient developed symptomatic hyperglycemia. Measurement of glucagon levels confirmed the absence of a glucagonoma, and he was started on oral hypoglycemic therapy with sitagliptin. At this time, he also developed mild neuropathy. The frequency of chemotherapy dosing was decreased, and insulin was administered before each chemotherapy dose.
The patient remained on this therapy until December 2012, receiving a total of 17 months of gemcitabine/platinum therapy, with a confirmed partial response. His tumor progressed in January 2013. He had a brief treatment break until August 2013, when he was initiated on platinum/etoposide therapy with disease progression, and was eventually placed on best supportive care. He passed away peacefully in December 2013, 10 years after his original diagnosis.
Discussion
Insulinomas are exceedingly rare, with an estimated incidence reported to be 4 cases in 1 million person-years, and the 5-year survival rate can be up to 56%. 6, 7 Data from the SEER registry show a median age at diagnosis of 59 years, with a range spanning from childhood to more than 80 years of age. 5 Fewer than 1 in 100,000 insulinomas are malignant, with malignancy defined by the presence of metastases.
7,8
Germline DNA testing for hereditary tumor syndromes is recommended in patients with a familial history or clinical findings suggesting multiple endocrine neoplasia type 1, tuberous sclerosis, or von Hippel-Lindau disease; the presence of multiple tumors; or the presence of precursor lesions in the peritumoral pancreatic tissue. 9 Patients with insulinomas can present with a range of symptoms associated with hypoglycemia, especially experienced while fasting or exercising. 4 These include manifestations of sympathetic overdrive (eg, weakness, diaphoresis, tremors, palpitations, hyperphagia) and neuroglycopenia (eg, confusion, visual changes, altered consciousness, convulsions, amnesia or coma). 4 Symptom progression during a 72-hour fast in the setting of increased serum C-peptide levels and undetectable sulfonylurea levels remains the gold standard for diagnosis of an insulinoma. 4 Treatment of insulinomas follows the same paradigm as that of other panNETs, and requires treating the hormone-related symptoms and the tumor. Although surgery remains the definitive treatment modality for tumors localized to the pancreas, 4 several chemotherapeutic and targeted molecular agents have shown varying degrees of efficacy in treating metastatic disease.
Octreotide and diazoxide have been used primarily for symptom relief but, unfortunately, have transient benefit. 4, 10 Octreotide has been shown to control hypoglycemia efficiently in 35% to 50% of patients. 4 However, before initiating octreotidebased therapy, an octreotide scan (ie, somatostatin analogue scintigraphy) should be performed to confirm somatostatin receptor expression in vivo. 9, 11 Administration of somatostatin to a patient whose tumor does not bind octreotide (ie, Octreoscan-negative tumors) may lead to a blunting of the compensatory glucagon response and may actually worsen hypoglycemia. 9, 12 Diazoxide is also sometimes used to control hypoglycemia; however, it can cause edema and hirsutism, and often the disease becomes refractory. 12 Nighttime dextrose infusions to manage hypoglycemia can be used as an alternative to diazoxide and dexamethasone. Additionally, dietary counseling on the intake of complex carbohydrates also can help limit the frequency and severity of hypoglycemic episodes.
Regional Therapy Treatment
Selective bland embolization, chemoembolization, and radioembolization (using yttrium 90 beads) are frequently used as a palliative technique in patients with symptomatic hepatic metastases who are not candidates for surgical resection. 13, 14 Duration of response is highly variable, ranging from 4 months to 2 years, reflecting the differences in tumor biology. [15] [16] [17] [18] [19] [20] No prospective randomized trials have compared the clinical efficacy of these embolization methods. Patient selection is important to minimize treatmentrelated adverse effects, which can include pain, nausea, fever, fatigue, and liver abnormalities.
Systemic Cytotoxic Therapy Treatment
No clearly defined role currently exists for conventional chemotherapy in the treatment of metastatic panNETs. Most clinicians support the use of cytotoxic chemotherapy, such as streptozocin, 5-FU, platinum, or temozolomide, in patients with a high tumor burden and symptoms and/or disease progression. However, which cytotoxic chemotherapies should be used and in what order is currently unclear (eg, it is unknown whether a patient treated with temozolomide-based therapy would benefit from streptozocin on progression, and vice versa). No prospective randomized data exist for a temozolomide-based regimen. However, a single-institution series showed promising activity at 70% (21 of 30 patients), based on RECIST criteria, with median progression-free survival (PFS) of 18 months. 21 Reported response rates to streptozocin plus doxorubicin or 5-FU range from 16% to 69%. 3, 22, 23 Systemic Targeted Therapy Treatment PI3K/Akt/mTOR Pathway: Targeted therapy against multiple steps in the IGF-R1-activated PI3K/Akt/mTOR pathway has shown various degrees of response in NETs. The RADIANT-3 study was a randomized phase III study evaluating the efficacy of everolimus in advanced panNETs. 24 Median PFS was 11.0 months for everolimus compared with 4.6 months for placebo (hazard ratio [HR], 0.35; 95% CI, 0.27-0.45; P<.001), which led to FDA approval of everolimus for this indication.
IGF-R1 showed promise as a target for downregulating mTOR signaling in preclinical trials. 25 However, a phase II trial of the anti-IGF-R1 monoclonal antibody MK-0646 failed to show an objective response, with a median PFS of 4.2 months in patients with advanced panNETs. 26 It is thought that rapamycin analogues such as everolimus may specifically inhibit CREB-regulated transcription coactivator 1 (CRTC1), decreasing feedback inhibition on IGF-R1, and consequently upregulating Akt activity. 27 The authors conducted a phase II study of MK-2206, an orally active, allosteric Akt inhibitor, which was terminated early based on a business decision by the sponsor. On study, 8 patients were treated (6 carcinoid, 2 panNET) and no complete or partial responses were seen. However, 1 patient (with an atypical thymic carcinoid tumor with brain metastases refractory to all standard therapies, including mTOR and vascular endothelial growth factor [VEGF] inhibitors) experienced a 17% decrease in tumor size (SD) for more than 10 months.
28
VEGF Pathway: The high vascularity of NETs lends itself to trials of targeted therapy against proangiogenic molecules. 29 Sunitinib malate, a monoclonal antibody against VEGF receptors 2 and 3, plateletderived growth factor receptors (PDGFRs) α and β, and stem-cell factor receptor (c-kit), has been shown to slow tumor growth. 30 Median PFS reported in a phase III randomized, double-blind, placebocontrolled trial was 11.4 months in the sunitinib arm compared with 5.5 months with placebo (HR, 0.42; 95% CI, 0.26-0.66; P<.001), which led to FDA approval of sunitinib for the treatment of advanced panNETs. 30 A phase II trial combining the anti-VEGF monoclonal antibody bevacizumab and the mTOR inhibitor temsirolimus showed a response rate of 41% and a PFS rate of 79% at 6 months. 31 Further investigation is ongoing. Radiolabeled Somatostatin Analogue Therapy: Radionuclide somatostatin analogue therapy, also known as peptide receptor radiotherapy, is offered in Europe for patients with advanced indium octreotidepositive NETs. This therapy is not yet available in the United States outside of clinical trials, and therefore was not offered to this patient. Several radioisotopes, linked to a somatostatin analogue, have been used, including indium-111 (111In), yttrium-90 (90Y), and lutetium-177 (177Lu). Studies of the 90Y-labeled somatostatin analogue, a highenergy β-particle emitter, reported response rates of up to 27%. 32, 33 An analysis of 504 patients with metastatic NETs receiving 177Lu-octreotate reported a response rate of approximately 30%. 34, 35 Ultimately, combination therapy with GEMOX was the most efficient regimen for sustainably controlling the present patient's hypoglycemia for more than 23 months, despite radiographic evidence of tumor growth. In a phase II study of gemcitabine monotherapy in patients with metastatic NETs, 65% of those enrolled originally achieved disease stabilization, but partial or complete responses were not noted in this group. 36 A retrospective study of GEMOX therapy in 20 patients with advanced NETs who received at least 2 regimens of chemotherapy showed a 17% response rate and a median PFS of 7 months.
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Conclusions
The present patient's treatment course highlights the efficacy of both systemic cytotoxic chemotherapy and targeted therapies in a disease that was traditionally thought to be chemotherapy-resistant. Platinum-based therapy controlled his advanced and refractory disease for up to 23 months. This response may reflect the tumor's evolution over time. Regional therapy with hepatic artery embolization was also successful in controlling symptoms, but targeted therapies were not as successful. Both mTOR and VEGF inhibitors were administered after disease progression on temozolomide-based therapies. Whether cytotoxic therapy is contributing to the development of oncogenic transformation is unclear, but this could be a plausible explanation. Further investigation is needed to better define proper sequencing of these therapies. In summary, this case report describes the varying therapies that can be used to control tumor burden and maintain a patient's quality of life. 
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Posttest Questions
1. True or False: Syndromes associated with functional panNETs can often be effectively managed with somatostatin analogues (ie, octreotide or lanreotide). 2. Which of the following regional therapies are used in the palliative treatment of patients with metastatic panNETs and symptomatic liver lesions? a. Radioembolization b. Chemoembolization
